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Description 

The present invention is concerned with compounds which inhibit the protease encoded by human immunodefi- 
ciency virus (HIV). The compounds, or pharmaceutical^ acceptable salts thereof, are of value in the prevention of 
5 infection by HIV, the treatment of infection by HIV and the treatment of the resulting acquired immune deficiency syn- 
drome (AIDS). 

The present invention also relates to pharmaceutical compositions containing the compounds and to a method of 
use of the present compounds and other agents for the treatment of AIDS & viral infection by HIV. 

10 BACKGROUND OF THE INVENTION 

A retrovirus designated human immunodeficiency virus (HIV) is the etiological agent of the complex disease that 
includes progressive destruction of the immune system (acquired immune deficiency syndrome; AIDS) and degener- 
ation of the central and peripheral nervous system. This virus was previously known as LAV, HTLV-III, or ARV. A 

is common feature of retrovirus replication is the extensive post-translational processing of precursor polyproteins by a 
virally encoded protease to generate mature viral proteins required for virus assembly and function. Inhibition of this 
processing prevents the production of normally infectious virus. For example, Kohl, N.E., et. al., Proc. Natl. Acad. Sci. 
USA, 85, 4686 (1988), demonstrated that genetic inactivation of the HIV encoded protease resulted in the production 
of immature : non-infectious virus particles. These results suggest that inhibition of the HIV protease represents a viable 

20 method for the treatment of AIDS and the prevention or treatment of infection by HIV. 

Nucleotide sequencing of HIV shows the presence of a poj gene in one open reading frame [Ratner, L. et al., 
Nature, 313, 277(1985)]. Amino acid sequence homology provides evidence that the p_ol sequence encodes reverse 
transcriptase, an endonuclease and an HIV protease [Ton, H. et al., EMBO J. 4, 1267 (1985); Power, M.D. et at., 
Science, 231 : 1567 (1986); Pearl, LH. eta]., Nature 329, 351 (1987)]. Applicants demonstrate that the compounds of 

25 this invention are inhibitors of HIV protease. 

Related art includes Hoffman-La Roche EPO applications. EPO 389898, EPO 346847, and EPO 432695 each 
disclose HIV protease inhibitors but the compounds are very different because they have an amino acid (or analog 
thereof) attached to the amino-terminal end of the transition state analog. EPO 432694 discloses synthetic intermedi- 
ates which are different from the compounds of the present invention. 

30 Other art includes EP-A-434365 which discloses inhibitors generally having an indane group as a major part of 

the structure which group is displaced by at least five, and generally seven, atoms from a group R 1 . Compounds 
including a decahydroisoquinoline carbonyl moiety are not disclosed. Science, 24^ 358-301 (1990) discloses one 
decahydroisoquinoiine carbonyl containing compound spaced by seven atoms from a quinoline-2-carbonyl group. 
The particular advantages of the compounds of the present invention are increased oral bioavailability and lower 

35 serum protein binding. 

BRIEF DESCRIPTION OF THE INVENTION 

Compounds of the formula I, as herein defined, are disclosed. These compounds are useful in the inhibition ol HIV 
40 protease, the prevention of infection by HIV, the treatment of infection by HIV and in the treatment of AIDS, either as 
compounds, pharmaceutically acceptable salts, hydrates or esters, pharmaceutical composition ingredients, whether 
or not in combination with other antivirals, immunomodulators, antibiotics or vaccines. Methods of treating AIDS, meth- 
ods of preventing infection by HIV, and methods of treating infection by HIV are also disclosed. 



ABBREVIATIONS 




Activating Agent 


HBT (HOBTor HOBt) 


1 -hydroxybenzotriazole hydrate 




Condendsing Agent 


EDC 


1-ethyl-3-(3<iimethylaminopropyl)carbodiimide 



DETAILED DESCRIPTION OF THE INVENTION AND PREFERRED EMBODIMENTS 

55 This invention is concerned with the compounds of Formula I, combinations thereof, or pharmaceutically acceptable 

salts thereof, in the inhibition of HIV protease, the prevention of infection by HIV. the treatment of infection by HIV and 
in the treatment of the resulting acquired immune deficiency syndrome (AIDS). Compounds of formula I are defined 
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as follows: 




wherein: 

20 Ri is a) 5- to 7- membered carbocylic ring which is either saturated, partially saturated or unsaturated, the 

carbocylic ring being unsubstituted or substituted with one or more of C-, . 4 alkyi, C 2 . 4 alkenyl C,. 3 alkoxy, 
halo-C^.3 alkyl, aryl-C-,.3 alkyl, or C 3 . 5 cycloalkyl; or 

b) 5- to 7-membered heterocyle having one heteroatom selected from 0 or S, any of which heterocycle 
25 is unsubstituted or substituted with one or more of C M alkyl, C 2A alkenyl t oxo, C 3 . 5 cycloalkyl, or C V 3 

alkoxy; 

R2 is a) C us alkyl, unsubstituted or substituted with one or more of -OH or C^. 3 alkoxy; or 

30 b) 5- to 7-membered carbocyclic ring which is either saturated, partially saturated or unsaturated, the 

carbocyclic ring being unsubstituted or substituted with one or more of C,_4 alkyl, C 2 . 4 alkenyl, C v3 
alkoxy, or hydroxy; 



35 



R3 is a) Phenyl unsubstituted or substituted with one or more of -OH or C A . 3 alkoxy; or 

b) C 5 _ 7 cycloalkyl unsubstituted or substituted with one or more of -OH or C^. 3 alkoxy, 



or pharmaceutical ly acceptable salt or hydrate thereof. 

The compounds of the present invention may have asymmetric centers and occur as racemates, racemic mixtures 

40 and as individual diastereomers or enantiomers, with all isomeric forms being included in the present invention. 

When any variable (e.g., heterocycle, R 1 or R 2 , etc.) occurs more than one time in any constituent or in formula,!,,;.— 
its definition on each occurrence is independent of its definition at every other occurrence. Also, combinations of sub- 
stituents and/or variables are permissible only if such combinations result in stable compounds. 

As used herein except where noted, "alkyl" is intended to include both branched- and straight-chain saturated 

45 aliphatic hydrocarbon groups having the specified number of carbon atoms (Me is methyl, Et is ethyl, Pr is propyl, Bu 
is butyl); "alkoxy" represents an alkyl group of indicated number of carbon atoms attached through an oxygen bridge. 
"Alkenyl" is intended to include hydrocarbon claims of either a straight or branched configuration and one or more 
unsaturated carbon-carbon bonds which may occur in any stable point along the chain, such as ethenyl, propenyl, 
butenyl, pentenyl, and the like. "Halo", as used herein, means fluoro, chloro, bromo or iodo. 

so As used herein, with exceptions as noted, "aryl" is intended to mean phenyl (Ph) or naphthyl. "Carbocyclic" is 

intended to mean any stable 5- to 7-membered carbon ring or 7- to 10-membered bicyclic carbon ring, any of which 
may be saturated or partially unsaturated. 

The term heterocycle or heterocyclic, as used herein except where noted, represents a stable 5- to 7-membered 
monocyclic heterocyclic ring which is either saturated or unsaturated, and which consists of carbon atoms and from 

55 one to three heteroatoms selected from the group consisting of 0 and S, and wherein the sulfur heteroatoms may 
optionally be oxidized, and including any bicyclic group in which any of the above-defined heterocyclic rings is fused 
to a benzene ring. The heterocyclic ring may be attached at any heteroatom or carbon atom which results in the creation 
of a stable structure. Examples of such heterocyclic elements include benzopyranyl, benzothiopyranyl, tetrahydrofuryl, 
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tetrahydropyranyl, and tetrahydrothienyl. 

The pharmaceutically-acceptable salts of the compounds of Formula I (in the form of water- or oil-soluble or dis- 
persible products) include the conventional non-toxic salts or the quaternary ammonium salts of these compounds, 
which are formed, e.g., from inorganic or organic acids. Examples of such acid addition salts include acetate, adipate, 
s alginate, aspartate, benzoate, bisulfate, citrate,, digluconate, dodecylsulfate, fumarate, glycerophosphate, hemisulfate, 
hydrochloride, 2-hydroxyethanesulfonate, lactate> maleate, methanesulfonate, succinate and tartrate. 

In a preferred embodiment of this invention, 

R 1 is a 5- to 7-membered heterocycle having one heteroatom selected from 0 or S, any of which heterocycle is 
10 unsubstituted or substituted with one or more of alky I, C 2 -4 alkenyl, oxo or (^.3 alkoxy; 

' R 2 is alkyl, unsubstituted or substituted with one or more of -OH; 

R 3 is phenyl unsubstituted or substituted with -OH or (^.3 alkoxy. 

15 

A third embodiment is further limited to compounds wherein: 

Ri is 1,1-dioxo-tetrahydrothienyl or tetrahydrofuranyl, unsubstituted or substituted with C^. 4 alkyl, C 2 ^ alkenyl or 
C 1 .3 alkoxy; 

20 

R 2 is t-butyl or 2-methyipropyl; 
R 3 is phenyl. 

25 a fourth embodiment is further limited to compound wherein: 

R 1 is tetrahydrofuran-3-ylor 1,1-dioxo-tetrahydrothien-3-yl, unsubstituted or substituted with methyl, ethyl, n-propyl, 
i -propyl, methoxy, ethoxy, or propenyl. 

30 In a fifth preferred embodiment, 

R 1 is a 5- to 7-membered heterocycle having one S heteratom, said heterocycle unsubstituted or substituted with 
one or more of alkyl, oxo or C 3 . 5 cycloalkyl; 

35 R2j S c 1 . 5 alkyl; 

R 3 is phenyl. 

A sixth embodiment is further limited to: 

40 

R 1 is 1 : 1 -dioxotetrahydrothien-3-yi, unsubstituted or substituted with alkyl, or C3.5 cycloalkyl; 
R 2 is . 5 alkyl; 
R 3 is phenyl. 

45 Most preferred compounds of this invention include the following: 



so 



55 
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A: 




cis-N4ert-butyl-decahydro-2[2(R)-hydroxy-4-phenyl-3(S)-[3(S)-tetrahydrofuranyloxycarb 
8aS)-isoquinoline-3(S)-carboxamide hydrate; or 

B: 




Cis-N-tert-butyl-decahydro-2[2(R)-hydroxy-4-phenyl-3(S)-[3(S)-1 ,1 -dtoxotetrahydrothien-3-yloxycarbony (amino] - 
butyl]-(4aS,8aS)-iscquinoline-3(S)-carboxamide hydrate; 



C: 




N-tert-butyl-decahydro-2[2(R)-hydroxy-4-phenyl-3(S)-[1 ( 1-dioxo-2(R)-methylethyl-3(R)-tetrahydrothienyloxycarbony- 

lamino]butyl]-(4aS 1 6aS)-isoquinoline-3(S)-carboxamide, 

or pharmaceutical^ acceptable salt thereof. 

The compounds of the present invention are prepared in accordance with Schemes l-IV. 
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SCHEME I 
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1 ) EDC, HOBt 
DMF, t BuNH 2 

2)TFA, CH 2 C1 2 
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The decahydro-isoqu incline intermediate 5 is synthesized by a first reaction ot L-pheny (alanine with formaldehyde 
and concentrated HCI to produce 2 ; as also described in Skiles, J.W. et al., J. Med. Chem. 29, 784 (1986) Hein, G.E., 
et al., J. Am. Chem. Soc. 48, 4487 (1962) and Hayasnik, K. et al., Chem. Pharm. Bull. 31, 312 (1983). Subsequent 
hydrogenation with catalysts such as Pt or Rh yields 3, which is then derivatized with an NH-protecting group such as 
Boc to give 4. Coupling with tBuNH 2 followed by deprotection affords 5. Example 1 illustrates but does not limit Scheme I. 
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SCHEME TT 



10 



PhMgBr 



CuCN 




m tBuOOH 



Ti(OiPr) 4 
D-tartrate 

OH 



15 




H Ti(OiPr) 2 (N 3 ), 



25 



30 



AcOCMb 2 C1 



4*f 



10 



Catalytic asymmetric or Sharpless epoxidation to produce 8 is performed by the methods of Gao, Y. et al ., J. Am. 
35 Chem. Soc. ^09, 5765 (1 987). Regioselective azide opening of the 2,3-epoxy alcohol 8 to give 9 is facilitated by titanium 
according to Caron, M. et al., J. Org. Chem. 53, 5185 (1988). Example 2 illustrates but does not limit Scheme II. 
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R 1 -O 



12 + 




TEA 
CH 2 C1 2 



10 



20 




30 



Condensation of the azide epoxide 1 0 with the decahydro-isoquinoline intermediate 5 is performed by, for example, 
heating a mixture in refluxing isopropanol, to give the azido-alcohol V[ in good yield. Reduction over palladium on 
carbon yields the amine J_2, which is then reacted with the appropriate N-substituted succinimide J_3 in the presence 
of e.g. TEA to give compounds of Formula I or J4. Examples 3-6 illustrate but do not limit Scheme III. 



40 



45 



55 



9 



EP 0 539 192 B1 




10 



EP0 539 192 B1 



SCHEME TV rn n t^ 




Alternatively, for the synthesis of cyclic sulfone compounds such as compound 21 , the di-(2-pyridyl) carbonate 
method of urethane coupling according to A.K. Ghosh, T.T. Duong and S.P. McKee, Tetrahedron Letters, 32, 4251 
(1 991 ) may be employed (Scheme IV). The (S)-butane-l ,2,4-triol-2-tetrahydropyranyl ether J5 is prepared according 
to K. Mori, T. Takigawa and T Matsuo, Tetrahedron, 35, 933 (1979) and converted into the 3(S)-hydroxytetrahydrothi- 
opheneJS as shown in Scheme IV. Selective oxidation of the coupled tetrahydrothiophene 20 into the sulfolane 21 
was effected by catalytic osmium tetraoxide in the presence of N-methylmorpholine N-oxide. Examples 7-12 illustrate 
but do not limit Scheme IV. 

Other substituents for R 2 and R 3 in Formula I are readily prepared by those skilled in the art, by substituting and/ 
or protecting appropriate groups in the schemes outlined above. 

The compounds of the present invention include but are not limited by the following Table: 



TABLE 
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np 



1 06-e°c 



o o 



111*11 3°C 



d 



93-95°C 




O 0 



CH 3 -0. O 



o / o 



99-1 01 °C 



CH 3 -C3 O 



Q 
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R rrp 



5 





80-82°C 



65-68°C 



30 O 
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R 



rrp 



CH ' t~5 + CHa O 72 ' 79 ° c 



p 



Q"""CH 3 



Q 



82-84°C 



LH 3 O 
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rrp 



1 12-8°C 



amorphous 



amorphous 



30 The compounds of the present invention are useful in the inhibition of HIV protease, the prevention or treatment 

of infection by the human immunodeficiency virus (HIV) and the treatment of consequent pathological conditions such 
as AIDS. Treating AIDS or preventing or treating infection by HIV is defined as including., but not limited to, treating a 
wide range of states of HIV infection: AIDS, ARC (AIDS related complex), both symptomatic and asymtomatic, and 
actual or potential exposure to HIV For example, the compounds of this invention are useful in treating infection by 

35 HIV after suspected past exposure to HIV by e.g., blood transfusion, accidental needle stick, or exposure to patient 
blood during surgery. 

The compounds of this invention are also useful in the preparation and execution of screening assays for antiviral 
compounds. For example, the compounds of this invention are useful for isolating enzyme mutants : which are excellent 
screening tools for more powerful antiviral compounds. Furthermore, the compounds of this invention are useful in 
40 establishing or determining the binding site of other ant ivirals to HIV protease, e.g., by competitive inhibition. Thus the 
compounds of this invention are commercial products to be sold for these purposes. 

For these purposes, the compounds ol the present invention may be administered orally, parenterally (including 
subcutaneous injections, intravenous, intramuscular, intrasternal injection or infusion techniques), by inhalation spray, 
or rectally, in dosage unit formulations containing conventional non-toxic pharmaceutically-acceptable carriers, adju- 
45 vants and vehicles. 

Thus, in accordance with the present invention there is further provided a method of treating and a pharmaceutical 
composition for treating HIV inlection and AIDS. The treatment involves administering to a patient in need of such 
treatment a pharmaceutical composition comprising a pharmaceutical carrier and a therapeutically-effective amount 
of a compound of the present invention, or a pharmaceutically-acceptable salt thereof. 
so These pharmaceutical compositions may be in the form of oraily-administrable suspensions or tablets; nasal 

sprays; sterile injectable preparations, for example, as sterile injectable aqueous or oleagenous suspensions or sup- 
positories. 

When administered orally as a suspension, these compositions are prepared according to techniques well-known 
in the art of pharmaceutical formulation and may contain microcrystalline cellulose lor imparting bulk, alginic acid or 
ss sodium alginate as a suspending agent, methylcellulose as a viscosity enhancer and sweetners/flavoring agents known 
in the art. As immediate release tablets, these compositions may contain microcrystalline cellulose, dicalcium phos- 
phate, starch, magnesium stearateand lactose and/or other excipients, binders, extenders, disintegrants, diluents and 
lubricants known in the art. 
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When administered by nasal aerosol or inhalation, these compositions are prepared according to techniques well- 
known in the art of pharmaceutical formulation and may be prepared as solutions in saline, employing benzyl alcohol 
or other suitable preservatives, absorption promoters to enhance bioavailability, flourocarbons, and/or other solubilizing 
or dispersing agents known in the art. 
s The injectable solutions or suspensions may be formulated according to known art, using suitable non-toxic, 

parenterally-acceptable diluents or solvents, such as mannitol, 1 ,3-butanediol, water, Ringer's solution or isotonic so- 
dium chloride solution, or suitable dispersing or wetting and suspending agents, such as sterile, bland, fixed oils, in- 
cluding synthetic mono- or diglycerides, and fatty acids, including oleic acid. 

When rectally administered in the form of suppositories, these compositions may be prepared by mixing the drug 
to with a suitable non-irritating excipient, such as cocoa butter, synthetic glyceride esters or polyethylene glycols, which 
are solid at ordinary temperatures, but liquidity and/or dissolve in the rectal cavity to release the drug. 

Dosage levels of the order of 0.02 to 5.0 or 10.0 grams-per-day are useful in the treatment or prevention of the 
above-indicated conditions, with oral doses two-to-five times higher. For example, infection by HI V is effectively treated 
by the administration of from 1 0 to 50 milligrams of the compound per kilogram of body weight from one to three times 
is per day. It will be understood, however, that the specific dose level and frequency of dosage for any particular patient 
may be varied and will depend upon a variety of factors including the activity of the specific compound employed, the 
metabolic stability and length of action of that compound, the age of the patient, body weight., general health, sex., diet, 
mode and time of administration, rate of excretion, drug combination, the severity of the particular condition, and the 
host undergoing therapy. 

20 The present invention is also directed to combinations of the HIV protease-inhibitory compounds with one or more 

agents useful in the treatment of AIDS. 

EXAMPLE 1 

25 Preparation of cts-N-tert-butvl-decahvdro-f4aS,8aS)-isoquinoline-3fS)-carboxamide, Compound 5 
Step 1 : Preparation of cis-N-tert-butoxvcarbonvl-3-carbozydecahvdrO'isoquinoline 

A suspension of L-3-carboxy-l,2,3,4-tetrahydroisoquinoline, 21.3 g, prepared as described by G.E. Hein, et a]., J. 

30 Am. Chem. Soc, 84, 4487 (1 962), in 650 mL of ethanol and 650 mL of water was shaken with 21 .3 g of 5% rhodium 
on carbon under 1 5 atm of hydrogen at 50°C until 3 molar equivalents of hydrogen were consumed (6h). After cooling 
the catalyst was filtered off and the solvents removed under reduced pressure. After drying, the residue was recrys- 
tallized from ethanol affording 8 g of L-cis-3-carboxy-decahydroisoquinoline. To a solution of 5 g of L-cis-3-carboxydec- 
ahydrosoquinoline in 75 mL of dioxane and 185 mL of dilute sodium carbonate (pHB) was added 7 g of di-tert-butyldi- 

3S carbonate. After 2 days stirring at room temperature, the mixture was acidified with 1 N HCI until pH is 3 and extracted 
with three 100 mL portions of ethyl acetate. After concentration and drying there was obtained 4.1 g of a white solid. 

Step 2: Preparation of cis-N-tert-butyl-decahvdro-f4aS,8aSVisoquinoline-3fS)-carboxamide 

40 To a stirred solution of cis-N-tert-butoxycarbonyl-3-carboxydecahydro-isoquinoline (the product of Step 1), 4.1 g, 

in 100 mL of tetrahydrofuran cooled to -20°C was added 2.8 mL of N-methylmorpholine and 2.42 mL of isobutylchlo- 
roformate. After 15 min ; 2.4 mL of tert-butylamine was added and the mixture allowed to warm to room temperature 
and stir overnight. The mixture was diluted with 200 mL of ethyl acetate and 100 mL of 10% citric acid. The organic 
layer was washed with saturated sodium bicarbonate, dried ( (MgS0 4 ) and concentrated. The resulting white solid was 

45 dissolved in 50 mL of ice cold methylene chloride and 25 mL of trifluoroacetic acid. After warming and stirring for 2 h, 
the solvents were removed under reduced pressure. The residue was dissoived in 100 mL ol methylene chloride, 
washed with 50 mL of saturated sodium bicarbonate, dried and concentrated. The product, 3.0 g, solidified on standing. 

EXAMPLE 2 

so 

Preparation of 3fS)-azido-n,2R)-epoxv-4-phenylbutane ; Compound 10 

A quantity of CuCN, 2.43 g, was added to a solution of butadiene monooxide, 1 9 g, in 500 mL anhydrous tetrahy- 
drofuran and the mixture was cooled to -78 3 C. Phenyl magnesium bromide solution in ether, 32 mmol, was added 
ss dropwise to this mixture. The reaction mixture was warmed to 0°C and was stirred until the reaction became homoge- 
neous. The reaction mixture was cooled to -78°C and 0.29 mole of phenylmagnesium bromide solution in ether was 
added dropwise for 30 min. The reaction mixture was allowed to warm to room temperature with stirring then quenched 
by slow addition of saturated NH 4 CI (50 mL) followed by NH 4 OH (30 mL), saturated NH 4 CI (200 mL) and H 2 0 (100 
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ml_). Aqueous layer was extracted with two 200 mL portions of ethyl acetate. Combined organic layers were dried and 
concentrated. The residue was distilled under vacuum (0.1 torr) at 100°C to give trans-4-phenyl-2-butene-1-ol (38.9 
g, 79% pure). 

A mixture of powdered 4A molecular sieves, 3 g. titanium tetraisopropoxide, 1.5 ml_ ; and diethyl D-tartrate, 1.1 

5 mL, in anhydrous methylene chloride- (350 mL) was cooled to -20°C and tert-butyl-hydroperoxide solution in isooctane, 
210 mmol. was added slowly with stirring. After 30 minutes at -20° C a solution of trans-4-phenyl-2-butene-1-ol, 15.3 
g, in anhydrous methylene chloride (50 mL) was added dropwise for 20 min at -20°C. The reaction mixture was aged 
at -20°C in a freezer for 20 hours. Water (40 mL) was added to the reaction mixture and after 30 minutes at 0°C, 30% 
NaOH in brine (6 mL) was added. The resulting mixture was stirred for 1 h at room temperature. The organic phase 

io was separated and the aqueous layer was extracted with two 30 mL portions of methylene chloride. Combined organic 
layers were dried over IS^SO^ diluted with toluene (300 mL) and concentrated. Chromatography on silica gel with 
40% ethyl acetate in hexane gave (2R, 3R)-epoxy-4-phenylbutan-1 -ol (10.3 g). 

A solution of titanium tetraisopropoxide, 5.6 mL, and azidotrimethylsilane, 5.0 mL, in anhydrous benzene (1 00 mL) 
was refluxed for 5 h. To this refluxing mixture was added a solution of {2R, 3R)-epoxy-4-phenylbutan-1 -ol, 2.6 g, in 

is anhydrous benzene (10 mL). The reaction mixture was refluxed for 1 5 min, cooled to room temperature and quenched 
by addition of 5% H 2 S0 4 (150 mL). After stirring the resulting biphasic mixture for 1 h, the organic layer was separated 
and the aqueous layer was extracted with two 20 mL portions of ethyl acetate. Combined organic layers were washed 
with saturated sodium bicarbonate (50 mL), dried over MgS0 4 and concentrated. The oily azidodiol product was dis- 
solved in chloroform (30 mL) and 2-acetoxyisobutyryl chloride, 2.5 mL, was added. After stirring for 5 h at room tem- 

20 perature, saturated sodium bicarbonate (50 mL) was added and the resulting biphasic mixture was stirred for 10 min. 
The aqueous layer was extracted with two 30 mL portions of chloroform. Combined organic layers were dried over 
Na 2 S0 4 and concentrated. The residue was dissolved in anhydrous tetrahydrofuran (10 mL) and solid NaOMe, 0.614 
g, was added. After stirring for 3 h at room temperature, saturated NH 4 CI (20 mL) was added and the mixture extracted 
with two 20 mL portions of ethyl acetate. Combined organic layers were dried over MgS0 4 and concentrated. Chro- 

25 matography on silica gel with 8% ethyl acetate in hexanes gave 3(S)-azido-(1 , 2R)-epoxy-4-phenylbutane (1 .32 g) as 
an oil. 

EXAMPLE 3 

30 Preparation of cis-N-tert-butvl-decahvdro-2[2(R)-hvdroxv-4-phenvl-3(S)-azidobutyl1-(4aS,8aS)-isoquinoline-3(S)- 
carboxamide. Compound 11 

A mixture of 6.46 g of cis-N-tert-butyldecahydro-(4aS,8aS)-isoquinoline-3(S)-carboxamide (product of Example 
1 ) and 1 0.3 g of 3(S)-azido-(1 ,2R)-epoxy-4-phenylbutane (product of Example 2) in 200 mL of isopropanol was heated 
35 to 80°C overnight then concentrated to dryness under reduced pressure. Recrystallization from ethyl acetate-hexanes 
gave 9.63 g of product of melting point 149-50°C. 

EXAMPLE 4 

40 Preparation of cis-N-tert-butvl-decahvdrO'2l2(R)-hvdroxv-4-phenvl-3(S)-aminobutyl1-f4aS.8aS)-isoquinoline-3(S)- 
carboxamide : Compound 12 

A solution of 5.0 g of cts-N-tert-butyl-decahydro-2[2(R)-hydroxy-4-phenyl-3(S)-azidobutyl]-(4aS,8aS)-isoquino- 
line-3(S)-carboxamide (product of Example 3) in 200 mL of tetrahydrofuran and 50 mL of methanol was shaken with 
45 1 g of 1 0% palladium on carbon catalyst under an atmosphere of hydrogen for 48 h. Removal of the catalyst by filtration 
and concentration under reduced pressure gave 4.68 g of product as a white solid of melting point 165-1 66°C. 

EXAMPLE 5 

so Preparation of 3(S)-tetrahydrofuranyl succinimidvl carbonate, Compound 13 

A solution of 20 mL of 12.5% phosgene in toluene and 1.0 g of (S)-(+)-3-hydroxytetrahydrofuran was aged in a 
stoppered flask for 48 hours. The solvents were removed under reduced pressure and the residue dissolved in 30 mL 
of anhydrous acetonitrile, then cooled in an ice bath. To this cold solution was added 1.7 g of N-hydroxysuccinimide 
55 and 1.9 mL of triethylamine. The mixture was aged for 12 hours at 25 ft C, then concentrated to dryness. The residue 
was dissolved in 200 mL of ethyl acetate, washed with 2 x 50 mL of water, dried over MgS0 4 and concentrated to 
dryness under reduced pressure. The oily residue was dissolved in 10 mL of ethyl acetate passed through a 300 mL 
of silica gel, eluting with ethyl acetate. Concentration of the eluate to dryness gave 2 g of product as a white crystalline 
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solid. 

EXAMPLE 6 

5 Preparation of cis-N-tert-butyl-decahydro-2r2(R^^ 

butvlH4aS,8aS)-isoquinoline-3(S)-carboxamide, Compound A. 

A quantity of 100 mg of the product of Example 4 was reacted with 27 uJ Et 3 N, 5 ml_ CH 2 CI 2 and 50 mg of the 
product of Example 5 was stirred at 25°C for 12 hrs. ; then concentrated to dryness, triturated (hexanes), giving the 
10 title compound, mp 80-82°C. 





Calc for C2gH 45 N 3 O 5 «»0.25H 2 O (520.202) 






%C=66.95, 


%H=8.81 t 


%N=8.08 


15 


Found: 


%C=67.1t, 


%H=8.92, 


%N=7.85 



EXAMPLE 7 



Preparation of 2(S)-butane-1.2.4-triol-1 ,4-dimesylate 2-THP-ether, Compound 16 

20 

(S)-Butane-I ,2 : 4-triol-2-THP ether (Compound 15), 15.0 g, was dissolved in 75 mL of dry methylene chloride and 
37 mLof triethylamine and cooled to -10°C. Methanesulfonyl chloride, 10.2 ml, was added dropwise over 10 minutes. 
After stirring at 24°C for 12 hours, the solvent was evaporated and the residue was taken up in ethyl acetate and 
washed with saturated aqueous NaHC0 3 (1x150 ml), water (1x150 mL) and brine and dried over anhydrous Na 2 S0 4 . 
25 Filtration and concentration under reduced pressure afforded 1 2 g of the title compound as a brown oil. 

EXAMPLE 8 

Preparation of 3(S)-hydroxvtetrahydrothiophene THP-ether, Compound 17 

30 

A solution of 2(S)-butane-1,2,4-trioi-1,4-dirnesylate 2-THP-ether, 12 g, and lithium sulfide, 8 g, in 250 mL of dry 
DMF was heated to 70°C for 12 hours. After cooling to 0°C : ether (400 ml) and water (400 ml) were added and the 
layers were separated. The aqueous layer was reextracted with ether (1x100 ml) and the combined organic layers 
were washed with water (1x150 mL) and brine and dried over anhydrous Na 2 S0 4 . Filtration and evaporation of the 
35 solvent gave a residue which was taken up in CH 2 CI 2 (150 ml) and dried with Na 2 S0 4 . Filtration and concentration 
under reduced pressure afforded 4.2 g of the title compound as a yellow oil. 

EXAMPLE 9 

40 Preparation of 3(S)-hydroxvtetrahydrothiophene, Compound 18 

A solution of 3(S)-hydroxytetrahydrothiophene THP-ether 4.2 g, and p-toluenesulfonic acid monohydrate, 0.10 g, 
in 25 mL of methanol was stirred for 12 hours. Saturated aqueous NaHCO a (10 mi) was added and stirring was con- 
tinued for 30 min. Evaporation of the solvents gave a residue which was extacted with ethyl acetate (100 ml) and water 
45 (10 ml). The layers were separated and the aqueous layer was reextracted with ethyl acetate (3x20 ml) and the com- 
bined organic layers were dried over anhydrous Na 2 S0 4 . Filtration and concentration under reduced pressure gave a 
residue which was purified by chromatography over silica gel. Elution with 1:1 ethyl acetate/hexanes afforded 2.5 g of 
the title compound as a clear colorless oil. 

so EXAMPLE 10 

Preparation of 3(S)-tetrahydrothi6nvl-2-pvridyl carbonate, Compound 19 

To a stirred solution of 3(S)-hydroxytetrahydrothiophene : 0.150 g, and di(2-pyridyl) carbonate, 0.470 g in 10 mL 
ss of dry methylene chloride was added 0.301 ml of triethylamine. After stirring for 12 hours, the mixture was diluted with 
methylene chloride and washed with saturated aqueous NaHC0 3 (10 ml) and brine and dried over anhydrous N^SC^. 
Filtration and concentration under reduced pressure gave a residue which was purified by chromatography over silica 
gel. Elution with 1 :3 ethyl acetate/hexanes afforded 0.30 g of the title compound as an oil. 
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EXAMPLE 11 



Preparation of cis-N-tert-buWI-decahvdro-2r2(R)-hvdroxv-4-phenyl-3^ 
butvn-(4aS,eaS)-isoquinoline-3(S)-carboxamide, Compound 20 

5 

A solution of 3(S)-tetrahydrothienyl 2-pyridyl carbonate, 0.30 g, and cis-N-tert -butyl -decahydro-2[2(R)-hydroxy- 
4-phenyl-3(S)-aminobutyl]-(4aS, 8aS)-isoquinoline-3(S)-carboxamide (Compound 1 2), 0.40 g in 30 mL of dry methyl- 
ene chloride was stirred for 12 hours. The mixture was diluted with methylene chloride and washed with saturated 
aqueous NaHC0 3 (10 ml) : brine and dried over anhydrous Na 2 S0 4 . Filtration and concentration under reduced pres- 
to sure gave a residue which was purified by chromatography over silica gel. Elution with 1:1 ethyl acetate/hexanes 
afforded 0.350 g of the title compound as a white solid: mp 106-8°C. 



Elemental analysis, calc'd. for C 29 H 45 N 3 04S x 0.35 H 2 0 (538.06): 


Found: 


C, 64.73; 
C ; 64.70; 


H, 8.56; 
H, 8.31; 


N, 7.81 
N, 7.83. 



EXAMPLE 12 

2Q Preparation of cis-N-tert-butyl-decahvdro-2[2fR)-hvdroxv-4-phenyl-3(S)-[3(S)-1 ,1 -dioxotetrahydrothien- 
3-Vloxycarbonylamino]butvl1-(4aS,8aS)-isoquinoline-3fS)-carboxazide, Compound 21 

To a stirred solution of 0.350 g of cis-N-tert-butyl-decahydro-2[2(R)-hydroxy-4-phenyi-3(S)-[3(S)-tetrahydrothien- 
3-yloxycarbonylamino]butyl]-(4aS,8aS)-isoquinoline-3(S)-carboxamide in 30 mL of acetone and 10 ml of water cooled 

25 to 0°C was added 0.350 mL of a 2.5% solution of osmium tetroxide in 2-methyl-2-propanol. The mixture was stirred 
to 24°C for 1 2 hours and concentrated under reduced pressure. The residue was taken up in ethyl acetate (50 ml) and 
water (20 ml). The layers were separated and the organic layer was washed with brine and dried over anhydrous 
Na 2 S0 4 . Filtration and concentration under reduced pressure gave a residue which was purified by chromatography 
over silica gel. Elution with 5:95 methanol/chloroform afforded 0.325 g of the title compound as a white solid: mp 

30 111-113°C. 



Elemental analysis, calc'd. for C 29 H 45 N 3 0 6 S x 0.25 CHCI 3 (593.61): 


Found: 


C : 59.18; 
C ; 59.25; 


H, 7.68; 
H, 7.52; 


N, 7.08 
N, 7.21 



EXAMPLE 13 

Preparation of hexahydrofuro[2 r 3b1furan-3a-ol 

To a stirred solution of 10 g of 2-n-butyloxy-3-allyl-tetrahydrofuran-3-ol (prepared as described by M. Jalali-Naini 
and J.Y. Lallemand, Tetrahedron Letters, pp 497-500, 1986) in 10 mL of methanol and 220 mLof methylene chloride 
cooled to -78°C was added a stream of ozone until a blue color persisted. The mixture was purged with nitrogen, 
warmed to 0°C and diluted with 100 mL of ethanol. To this mixture was added 5 g of NaBH 4 . After aging at 25°C for 6 
hours, the solvents were removed under reduced pressure and the residue partitioned between 50 mL of 10% citric 
acid and 3 x 100 mL of methylene chloride. The organic extracts were dried over MgS0 4 and concentrated to ca. 200 
mL. To this stirred solution was added 0.10 g of p-toluenesulfonic acid monohydrate. The mixture was heated at reflux 
for 24 hours, then concentrated to dryness under reduced pressure. Evaporative distillation of the residue at 0.1 mm 
(110-1 30*C) gave 2 g of the title compound. 

EXAMPLE 14 

Preparation of tertiary alcohol urethanes 

Step A : Preparation of hexahydrofurof2,3blfuran-3a-yl succinimidyl carbonate: 

To a stirred solution of 1 g of hexahydrofuro[2,3b]furan-3a-ol in 25 mL of 12.5% phosgene in toluene cooled to 
-10°C was added 1 mL of pyridine. The mixture was allowed to warm to 25°C and stir for 4 hours., then concentrated 
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to dryness under reduced pressure. The oily residue after drying under vacuum (1.3 g) was dissolved in 30 mL of 
anhydrous aceton itrile : then cooled in an ice bath. To this cold solution was added 1.14 g of N-hydroxysuccinimideand 
1 .3 mL of triethylamine. The mixture was aged for 48 hours at 25° C, then concentrated to dryness. The residue was 
dissolved in 200 mL of ethyl acetate, washed with 2 x 50 mL of water, dried over MgS0 4 and concentrated to dryness 
under reduced pressure. Chromatography of the residue with 20% ethyl acetate in methylene chloride gave 0.49 g of 
product as a white crystalline solid. 

Step B : Preparation of N-(2(R) : hvdroxv-1(S)-indanvl)-5fS)-fhexahvdro1uror2,3b1-furanvl-3a-oxvcarbonylaminoV4fS)- 
hvdroxv-6-phenvl-2(RVf4-f2-f4-morpholinvnethoxv)phenyl)methvl hexanamide: 

To a stirred suspension of 100 mg of the product of Example 4 in 15 mL of methylene chloride was added 90 mg 
of hexahydrofuro[2,3b)furan-3a-yi succinimidyl carbonate and 0.060 mL of triethyl amine. After stirring for 12 hours, 
the mixture was diluted with 50 mL of chloroform, washed with 10 mL of sat'd. sodium bicarbonate, and concentrated 
to dryness. Chromatography using 8% MeOH in CHCI 3 gave 80 mg of product as a white crystalline solid. 



Calc'd for C 41 H 5l N 3 0 9 


C, 67.47 


H, 7.07 


N, 5.76 


Found: 


C, 67.45 


H, 6.90 


N : 5.77. 



EXAMPLE 15 

Preparation of 6(R)-methoxv-3(SVhvdroxv-tetrahvdro-2H-pyran and 6fS)-methoxv-3(SVhvdroxvtetrahydro-2H-prvan 

To a stirred suspension of (-)-diisopinocamphenylborane (100 mmol in 40 ml of THF) at 0°C was added 9.1 ml of 
6(SR)-methoxy-2,3-dihydro-2H-pyran. The reaction mixture was stirred at 0°C for 12lr After this period, the reaction 
temperature was raised to 25°C and 22.4 ml of freshly distilled acetaldehyde was added dropwise for 30 min. The 
resulting mixture was stirred at 25°C for 6h and then excess of acetaldehyde was removed under reduced pressure 
and to it 80 ml of THF was added. The boronate thus obtained was oxidized with 100 ml of 3 N sodium hydroxide and 
12.5 ml of 30% hydrogen peroxide. The reaction mixture was stirred at room temperature for 6h and then diluted with 
200 ml of ether The layers were separated and the aqueous layer was extracted with ether (2x100 ml). The combined 
organic extracts were dried over anhydrous NagSC^ and evaporated. The residue was loaded over a silica gel column 
and eluted first with hexanes to remove a-pinene and then with 25% EtOAc in hexanes to provide 6(R)-methoxy-3(S)- 
hydroxy-tetrahydro-2H-pyran (major) and 6(S)-methoxy-3(S)-hydroxy-tetrahydro- 2H-pyran (minor) as colorless oil. 

EXAMPLE 16 

Preparation of 1-Benzvloxy-2(S)-hvdroxy-4-pentene 

Copper(l)cyanide (1 20 mg, 1 .34 mmol) was added to a solution of (R)-(-)-2-(benzyloxymethyl)oxirane (2.4 g, 14.6 
mmol) in dry THF (200 ml). This mixture was cooled to -78°C under argon atmosphere. A solution of vinylmagnesium 
bromide in THF (26 ml, 1 M, 26 mmol) was added slowly to the epoxide solution at -78°C. The reaction mixture was 
stirred for 5 hours while the reaction temperature was allowed to warm to 0°C. Saturated aqueous NH 4 CI and NH 4 OH 
were added to the reaction mixture till the reaction mixture became clear. Organic layer was separated and the aqueous 
layer was extracted with EtOAc (3x50 ml). Combined organic layers were dried over MgS0 4 and concentrated. The 
residue was purified by chromatography (EtOAc/Hexane=1 :9) to give 1 -benzyloxy-2(S)-hydroxy-4~pentent(2.6 g, 1 3.5 
mmol) 

NiviR (CDCi 3 ): 7.35 (bs, 5H), 5.64 (m, IN), 5.14 (d, J=11, 1H), 5.11 (d, J=9, 1H), 4.57 (s, 2H), 3.90 (m s 1H), 3.53 (dd, 
J=3.4, 9.5, 1H), 3.39 (dd, J=7.4, 9.5, 1H) 2.29 (t, J=1.23, 2H). 

EXAMPLE 17 

Preparation of 2fR)-hvdroxv~5(RHodomethyl tetrahvdrofuran 

Solid NaHC0 3 (3.6 g, 42.9 mmol) was added to a solution of 1-benzyloxy-2-(S)-hydroxy-4-pentene (1.1 g, 5.7 
mmol) in dry CH 3 CN (25 ml) and the resulting mixture was cooled to 0°C. To this mixture was added a solution of iodine 
iZ 9 g) in dry acetonitrile. Then the reaction mixture was stirred for 3 hours at 0°C. Saturated NaHC0 3 (50 ml) was 
ejded to the reaction mixture. Solid NaHS0 3 was added to the biphasic mixture until the iodine color disappeared. 
Organic layer was separated and the aqueous layer was extracted with EtOAc (3 x 50 ml). Combined organic layers 
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were dried over MgS0 4 and was concentrated. The reside was purified by chromatography (EtOAc/hexane 1:1) to 
give the 20(S)-hydroxy-5(R)-iodomethyltetrahydrofuran (232.3 mg), a mixture of isomers (171.5 mg) and 2-(R)-hy- 
droxy-5-(R)-iodomethyltetrahydrofuran (663.1 mg). NMR (CDCI 3 ); 2-(S)-hydroxy-5-(R)-iodomethyltetrahydrofuran: 
4.52 (m, 1H), 4.03 (m, 1H), 3.98 (dd, J=10.8, 1.5, 1H), 3.81 (dd, J=4.1, 10.8 1H), 3.44 (dd, J=10, 6.5, 1H), 3.36 (dd, 
5 J=lO r 5.3, 1H), 2.36 (m, 1H) ; 1.84 (m, 1H). 

2-(R)-hydroxy-5-(R)-iodomethyltetrahydrofuran: 4.58 (bs, 1H), 4.22 (m, 1H), 4.09 (dd, J=9.9, 4.1, 1H), 3.30 (d, J=5.6, 
2H), 2.17 (dd, J=13.3, 5.8, 1H), 1.81 (m, 1H). 

EXAMPLE 18 

10 

Preparation of 2fS,R)-fmethvlethvl)-3fS,R)-hvdroxvtetrahydrothiophene 

Ethyl 3-mercaptopropionate (22.46 g) was dissolved in absolute ethanol (60 mL) and the solution was cooled to 
-20°C. To it was added sodium ethoxide solution in ethanol (62.5 mL of 21%). A solution of ethyl 2-bromoisovalerate 

75 (35 g) in absolute ethanol (60 mL) was added slowly The reaction mixture was stirred for 2 hours while the reaction 
temperature was allowed to warm to room temperature. Saturated NH 4 CI (150 mL) was added to the reaction mixture 
and organic layer was separated. The aqueous layer was extracted with ethyl acetate (100 mL x 3). The combined 
organic layers were dried over Na 2 S0 4 and concentrated. Sodium (0.88 g) was dissolved in absolute ethanol (40 mL) 
at 0°C and the solution was concentrated. The residue was dissolved in toluene and the product from the previous 

20 reaction (7.78 g) was added. The reaction mixture was heated to reflux for 2 hours. The reaction mixture was cooled 
to room temprature and 1N HCI was added to the reaction mixture until the pH became acidic. The crude product was 
extracted with EtOAc (50 mL x 3) and the combined organic layers were washed with brine, were dried over NagSC^ 
and concentrated. The residue was heated with 10% H 2 S0 4 (40 mL) at 100°C overnight. The crude product was 
extracted with ethyl acetate (50 mL x 3). The combined organic layers were dried over NagSC^ and concentrated. The 

25 residue (2(S,R)-(methylethyl)tetrathydrothiophen-3-one) was dissolved in methylene chloride (60 mL) and the solution 
was cooled to 0°C. Diisobutylaluminumhydride (25 mL, 1 M) in methylene chloride was added dropwise. The reaction 
mixture was stirred for one hour at 0°C. The reaction was quenched by the dropwise addition of water until no gas 
evolved. 1 N HCI (50 mL) was added and the crude product was extracted with methylene chloride (50 mL x 3). Com- 
bined organic layers were washed with saturated NaHC0 3 , brine and dried over Na 2 S0 4 . Concentration and purification - 

30 by column chromatography, eluting with 20% ethyl acetate in hexane gave an oil (1 .72 g): 

1 NMR (CDCIg): 4.36 (br, s, 1H), 3.1-2.85 (m, 3H), 2.23 (dd. J=6.8 Hz, 13.3 Hz, 1H), 1.95-1.77 (m, 3H) : 1.07 (d, J=6.5 
Hz, 3H), 1.02 (d : J=6.7 Hz, 3H). 

EXAMPLE 19 

35 

Preparation of 3(R i S)-[2(R,S)-methylethvntetrahvdrothienvl-2-pvridyl carbonate 

To a stirred solution of 2(R : S)-methylethyl-3(R.S)-hydroxytetrahydrothiophene, 0.150 g and di (2 pyridyl) carbon- 
ate, 0.250 g in 3 mL ol dry methylene chloride was added 0.185 mL of triethylamine. After stirring for 12 hours, the 
40 mixture was diluted with methylene chloride and washed with saturated aqueous NaHC0 3 and brine and dried over 
anhydrous Na 2 S0 4 . Filtration and concentration under reduced pressure gave the title compound as an oil. 

EXAMPLE 20 

45 Preparation of N-tert-butvl-decahvdro-2r2(RVhvdroxv-4-phenvl-3f SH 1 , 1 -dioxo>2(RVmethvlethvl-3(R)- 
tetrahvdrothienvloxvcarbonvlaminolbutvll-f4aS,8aS)-isoquinoiine-3fS)-carboxamide < Compound C 

To a stirred solution of 2(R,S)-methylethyl-3(R,S)-tetrahydrothienyl 2-pyridyl carbonate, 0.203 g, and IM-tert-butyl- 
decahydro-2[2(R)-hydroxy-4-phenyl-3(S)-aminobutyl]-(4aS,8aS)-isoquinoline-3(S)-carboxamide, 0.204 g in 5 mL of 
so dry methylene chloride was added 0.093 mL of triethylamine. After stirring for 12 hours the mixture was diluted with 
methylene chloride and washed with saturated aqueous NaHC0 3 , brine and dried over anhydrous Na 2 S0 4 . 

Filtration and concentration under reduced pressure gave a residue which was purified by chromatography over 
silica gel. Elution with 1:4 ethyl acetate/hexane and by 1:1 ethyl acetate/hexane afforded 0.217 g of N-tert-butyl-dec- 
ahydro-2[2(R)-hydroxy-4-phenyl-3(R,SH2(R,Sh^ 
ss 8aS)-isoquinoline-3(S)-carboxamide. To a stirred solution of this compound and 0.250 g of N-methylmorpholine oxide 
in 1 0 mL of acetone and 2 mL of water was added 0. 1 mL of a 2.5% solution of osmium tetroxide in 2-methyl-2-propanol. 
The mixture was stirred for 12 hours and 1.3 mL of saturated aqueous NaHS0 3 was added to it. The mixture was 
extracted with methylene chloride (20 mL). The organic solution was washed with saturated aqueous NaHSOg, brine 
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and dried over Na 2 S0 4 . 

Filtration and concentration under reduced pressure gave a residue which was purified by chromatography over 
silica gel. Elution with 1:1 ethyl acetate/hexane and by 3:1 ethyl acetate/hexane afforded 0.035 g of N-tert-butyt-dec- 
ahydro-2[2(R)-hydroxy-4-phenyl-3(S)-(1 ,1 -dioxo-2(R)-methylethyl-3(R)-tetrahydrothienyloxycarbonylamino]butyl]- 
(4aS,8aS)-isoquinoline-3(S)-carboxamide as a white amorphous solid: m.p. 115 - 117°C; 

1 NMR (CDCI 3 ): 7.29-7.18 (m, 5H), 5.80 {bs, 1H), 5.25 (bs, 1H), 3.99-3.82 (m, 3H), 3.20-2.85 (m, 5H), 2.66 (m, 2H), 
2.31 (m, 2H), 1.36 (s, 9H) : 1.17 (d, J=6.5 Hz, 3H), 0.94 (d, J=6.5 Hz, 3H). 



10 



Elemetnal analysis , calc'd for C 33 H 51 N 3 0 6 S x 0.60 CH 2 CI 2 x 0.05 H 2 0 (657.70): 



Found: 



C, 59.54; 
C, 59.53; 



H, 8.02; 
H, 7.54: 



N, 6.39 
N, 6.23 



Further elution with 5:95 methano l/chloroform gave N-tert-butyl-decahydro-2[2(R)-hydroxy-4-phenyl-3(S)-[1 ,1 -di- 
75 oxo-2(S)-methylethyl-3(S)-tetrahydrothienylozycarbonylamino]butyl]-(4aS ; 8aS)-isoquinoline-3(S)-carboxamide: m.p. 
110-112°C. 





Elemetnal analysis , calc'd for C33H S1 N 3 0 6 S x 0.75 H a O (654.49): 


20 




C, 62.06; 


H, 8.54; 


N, 6.78 


Found: 


C, 62.02; 


H. 8.33; 


N, 6.40 



EXAMPLE 



Assay for Inhibition of Microbial Expressed Viral Protease 

Inhibition studies of the reaction of the protease expressed in Escherichia coli with a peptide substrate [\&I-Ser- 
Gln-Asn-(betanapthyl)Ala-Pro-lle-Val, 0.5 mg/mL at the time the reaction is initiated] were in 50 mM Na acetate, pH 
5.5, at 30°C for 1 hour. Various concentrations of inhibitor in 1 .0 ul DMSO were added to 25 ul of the peptide solution 
in water. The reaction is initiated by the addition of 15 ul of 0.33 nM protease (0.11 ng) in a solution of 0.133 M Na 
acetate pH 5.5 and 0.26% bovine serum albumin. The reaction was quenched with 160 ul of 5% phosphoric acid. 
Products of the reaction were separated by HPLC (VYDAC wide pore 5 cm C-18 reverse phase, acetonitrile gradient, 
0.1% phosphoric acid). The extent of inhibition of the reaction was determined from the peak heights of the products. 
HPLC of the products, independently synthesized, proved quantitation standards and confirmation of the product com- 
position. Compounds A : B and C showed IC 50 values of about 260nM, 59nM and 4nM respectively. 

While the foregoing specification teaches the principles of the present invention, with examples provided for the 
purpose of illustration, it will be understood that the practice of the invention encompasses all of the usual variations, 
adaptations, or modifications; as come within the scope of the following claims and its equivalents. 
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wherein: 

Ri is a) 5- to 7- membered carbocylic ring which is either saturated, partially saturated or unsaturated, the 

carbocyiic ring being unsubstituted or substituted with one or more of alkyi, C 2 . 4 aikenyl, C 2 . 3 
alkoxy, halo-C,^ alkyi, aryl-C^ aikyl, or C 3 . 5 cycloalkyl; or 

b) 5- to 7-membered heterocy le having one heteroatom selected tram 0 or S, any of which heterocycle 
is unsubstituted or substituted with one or more of alkyi, C 2 . 4 aikenyl, oxo, C 3 . 5 cycloalkyl, or 
C-|_ 3 alkoxy; 

R2 is a) C^s alkyi, unsubstituted or substituted with one or more of -OH or aikoxy; or 

b) 5- to 7-membered carbocyctic ring which is either saturated ; partially saturated or unsaturated, the 
carbocyclic ring being unsubstituted or substituted with one or more of alkyi, C 2 . 4 aikenyl, C^ 3 
alkoxy, or hydroxy; 

R 3 is a) Phenyl unsubstituted or substituted with one or more of -OH or C v3 alkoxy; or 

b) C 5 . 7 cycloalkyl unsubstituted or substituted with one or more of -OH or C v3 alkoxy, 
or pharmaceutical^ acceptable salt or hydrate thereof 
A compound according to Claim 1 , wherein: 

R 1 is a 5- to 7-membered heterocycle having one heteroatom selected from 0 or S, any of which heterocycle 
is unsubstituted or substituted with one or more of C v4 alkyi, C 2 . 4 aikenyl, oxo or alkoxy; 

R 2 is C^s alkyi, unsubstituted or substituted with one or more of -OH. 

R 3 is phenyl unsubstituted or substituted with -OH or alkoxy. 

A compound according to Claim 2 wherein: 

R*i is 1,1 -dioxo-tetrahydrothienyl or tetrahydrofuranyl, unsubstituted or substituted with C M alkyi, C 2 . 4 aikenyl 
or C 1-3 alkoxy; 

R 2 is t-butyl or 2-methylpropyl; 

R 3 is phenyl. 

A compound according to Claim 3, wherein: 

R 1 is tetrahydrofuran-3-yt or 1 , 1 -dioxo-tetrahydrothien-3-yl, unsubstituted or substituted with methyl, ethyl, n- 
propyl, i-propyl, methoxy, ethoxy ; or propenyl. 

A compound according to Claim 1 , wherein: 

R 1 is a 5- to 7-membered heterocycle having one S heteratonrv said heterocycle unsubstituted or substituted 

with one or more ol C,. 4 alkyi, oxo or C 3 . 5 cycloalkyl 
R 2 is C 1 . 5 alkyi; 
R 3 is phenyl; 

A compound according to Claim 5, wherein: 

R 1 is 1 ; 1 -dioxotetrahydrothien-3-yl, unsubstituted or substituted with C M alkyi, or C^ cycloalkyl 
R 2 is C n . 5 alkyi; 
R 3 is phenyl. 
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The compound, 




named: 

cis-N4ert-butyl-decahydro-2[2(R)-hydroxy-4-phenyl-3(S)-[3(S)-tetrahydrofuranyloxycarbonylam 
8aS)-isoquinoline-3(S)-carboxamide hydrate, or pharmaceutical^ acceptable salt thereof. 

The compound, 




named: 

Cis-N-tert-butyl-decahydro-2[2(R)-hydroxy-4-ph 
butyl]-(4aS,eaS)-isoquinoline-3(S)-carboxamide hydrate, 
or pharmaceutical^ acceptable salt thereof. 

The compound, 
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N-tert-butyl-decahydro-2[2-(R)-hydroxy-4-phenyl-3^ 
bonylamino]butyl]-(4aS,8aS)-isoquinoline-3(S)-carboxamid9, 
or pharmaceutical^ acceptable salt thereof. 

10. Pharmaceutical composition comprising a compound as claimed in any of Claims 1-9, and a pharmaceutical^ 
acceptable carrier. 

11. The use of a compound as claimed in any of Claims 1-9 for the manufacture of a medicament for treating AIDS, 
preventing infection by HIV, treating infection by HIV or inhibiting HIV protease. 



Patentanspruche 




I 



worin: 

Ri ist a) ein 5-bis 7gliedriger carbocyclischer Ring, der entweder gesattigt, teilweise gesattigt oder unge- 

sattigt ist, wobei der carbocyclische Ring unsubstituiert oder mit einem oder mehreren der Reste 
C 1 . 4 -Alkyl : C 2 . 4 -Alkenyl, C^-Alkoxy, Halogen-C^-alkyl, Aryl-C^-alkyl oder C^-Cycloalkyl sub- 
stituiert ist, oder 

b) ein 5- bis 7gliedriger Heterocyclus mit einem Heteroatom, das ausgewahlt ist aus 0 oder S, wobei 
jeder der Heterocyclen unsubstituiert oder mit einem oder mehreren der Reste C 1 . 4 -Alkyl, C 2 . 4 - 
Alkenyl, Oxo, C 3 . 5 -Cycloalkyl oder C v3 -Alkoxy substituiert ist, 

R 2 ist a) C^-Alkyl, unsubstituiert oder mit einem oder mehreren der Reste -OH oder C 1 . 3 -Alkoxy substi- 

tuiert, oder 

b) ein 5- bis 7gliedriger carbocyclischer Ring, der entweder gesattigt, teilweise gesattigt oder unge- 
sattigt ist, wobei der carbocyclische Ring unsubstituiert oder mit einem oder mehreren der Reste 
C v4 -Alkyl, C 2 . 4 -Alkenyl, C^-Alkoxy oder Hydroxy substituiert ist, 
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R 3 ist a) unsubstituiertes oder mit einem Oder mehreren der Reste -OH Oder C v3 -Alkoxy substituiertes 

Phenyl oder 

b) unsubstituiertes oder mit einem oder mehreren der Reste -OH oder C^-Alkoxy substituiertes 
C 5 . 7 -Cycloalkyl, 

oder ein pharmazeutisch annehmbares Salz oder Hydrat davon. 

Eine Verbindung gemaR Ahspruch 1, 
worin: 

R 1 ist ein 5- bis 7giiedriger Heterocyclus mit einem Heteroatom ; das ausgewahlt ist aus 0 oder S, wobei jeder 
der Heterocyclen unsubstituiert oder mit einem oder mehreren der. Reste C n _ 4 -Alkyl, C 2 . 4 -Alkenyl, Oxo 
oder C v3 -AIkoxy substituiert ist, 

R 2 ist . 5 -Alkyl, unsubstituiert oder mil einem oder mehreren -OH substituiert, 

R 3 ist unsubstituiertes oder mit -OH oder C^-Alkoxy substituiertes Phenyl. 

Eine Verbindung gemaG Anspruch 2, 
worin: 

R 1 ist 1,1 -Dioxotetrahydrothienyl oder Tetrahydrofuranyl, unsubstituiert oder mit . 4 -Alkyl, C 2 .4"Alkenyl oder 

C.,. 3 -Alkoxy substituiert, 
R 2 ist t-Butyl oder 2-Methylpropyl, 
R 3 ist Phenyl. 

Eine Verbindung gemaG Anspruch 3, 
worin: 

Ri ist Tetrahydrof uran-3-yl oder 1 , 1 -Dioxotetrahydrothien-3-yl, unsubstituiert oder mit Methyl, Ethyl, n-Propyl, 
i-Propyl, Methoxy, Ethoxy oder Propenyl substituiert. 

Eine Verbindung gemafJ Anspruch 1, 
worin: 

Ri ist ein 5- bis 7gliedriger Heterocyclus mit einem S-Heteroatom, wobei der Heterocyclus unsubstituiert oder 

mit einem oder mehreren der Reste C^-Alkyl, Oxo oder C 3 . 5 -Cycloalkyl substituiert ist, 
R 2 ist C^-Alkyl, 
R 3 ist Phenyl. 

Eine Verbindung gemafJ Anspruch 5, 
worin: 

R 1 ist 1 J-Dioxotetrahydrothien-3-yl, unsubstituiert oder mit C^-Alkyl oder C 3 . 5 -Cycloalkyl substituiert, 
R 2 ist q.g-Alkyl, 
R 3 ist Phenyl. 

Die Verbindung 
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mit dem Namen; 

cis-N-tert.-Butyldecahydro-2[2(R)-hydroxy-4-p^ 

8aS)-isochinolin-3(S)-carboxamtd-Hydrat 

oder ein pharmazeutisch annehmbares Salz davon. 

Die Verbindung 




mit dem Namen: 

cis-N-tert.-Butyldecahydro-2[2{R)-hydroxy-4-pheny)-3(S)-t3(S)-1 ,1-dioxotetrahydrothien-3-yloxycarbonylamino] 

butyl]-(4aS,8aS)-isochinolin-3(S)-carboxamid-Hydrat 

oder ein pharmazeutisch annehmbares Salz davon. 

Die Verbindung 
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N-tert.-Butyldecahydro-2[2-(R)-hydroxy-4-phenyl-3(S)-[1 , 1 -dioxo-2(R)-methylethyl-3(R)-tetrahydrothienyloxycar- 

bonylamino]buty!]-(4aS,8aS)-isochinolin-3(S)-carboxamid 1 

oder ein pharmazeutisch annehmbares Salz davon. 

10. Eine pharmazeutische Zusamnnensetzung : die eine wie in irgendeinem der Anspruche 1-9 beanspruchte Verbin- 
dung und einen pharmazeutisch annehmbaren Trager enthalt. 

11. Die Verwendung einer wie in irgendeinem der Anspruche 1-9 beanspruchten Verbindung zur Herstetfung eines 
Medikaments zur Behandlung von AIDS, Verhinderung einer HlV-lnfektion, Behandlung einer HIV-lnfektion oder 
Inhibierung von HIV-Protease. 

Revendlcatlons 

1 . Compose de formula 




formule dans laquelle: 

R 1 est a) un cycle carbocyclique a 5-7 chainons, sature\ partiellement saturd ou insature\ le cycle carbo- 

cyclique 6tant non substitu6 ou substitu6 par un ou plusieurs groupes alkyle en C^. A , alcenyle en 
C 2 _ 4 , alcoxy en C v3 , halogenoalkyle en 0 V3 , aryl-alkyle-^.g) ou cycloalkyle en C 3 . 5 ; ou 
b) un heterocycle a 5-7 chainons comportant un heteroatome choisi parmi O et S, (edit heterocycie 
etant non substitue ou substitue par un ou plusieurs groupes alkyle en C A . 4 , alcenyle en C 2 . 4 , oxo, 
cycloalkyle en C 3 . 5 ou alcoxy en C^; 

R 2 est a) un groupe alkyle en C^. s , non substitue" ou substitue par un ou plusieurs groupes OH ou alcoxy 

en C^; ou 

b) un cycle carbocyclique a 5-7 chainons, sature, partiellement sature ou insature, le cycle carbo- 
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cyclique 6tant non substitue" ou substitue par un ou plusieurs groupes alkyle en C^, alcenyle en 
C 2 . 4 , alcoxy en C v3 ou hydroxyle; 

R 3 est a) un groupe phenyle non substitue ou substitue par un ou plusieurs groupes -OH ou alcoxy en C-j. 3 ; 

ou 

b) un groupe cycloalkyle en non substitue ou substitue par un ou plusieurs groupes -OH ou 
alcoxy en C^; 

ou hydrates ou sels pharmaceutiquement acceptables d'un tel compose. 
Compose selon la revendication 1, dans lequel: 

R 1 est un heterocycle a 5-7 chaTnons comportant un heteroatome choisi parmi O et S, cet heterocycle etant non 

substitue ou substitue par un ou plusieurs groupes alkyle en alcenyle en C 2 ^, oxo ou alcoxy en C^; 
R 2 est un groupe alkyle en C-,^, non substitue" ou substitue" par un ou plusieurs groupes OH; 
R 3 est un groupe phenyle non substitue ou substitue par un ou plusieurs groupes OH ou alcoxy en C^. 

Compose selon la revendication 2, dans lequel: 

R 1 est un groupe 1 ,1 -dioxotetrahydrothienyle ou tetrahydrofurannyle, non substitue ou substitue par un groupe 

alkyle en C^, alc6nyle en C 2 . 4 ou alcoxy en C,. 3 ; 
R 2 est le groupe tert-butyle ou 2-methylpropyle; 
R 3 est le groupe phenyle. 

Compose selon la revendication 3, dans lequel: 

R 1 est le groupe tetrahydrofuranne-3-yle ou 1 : 1-dioxotetrahydrothien-3-yle, non substitue ou substitue par le 
groupe methyle, 6thyle, n-propyle ; isopropyle : m^thoxy, 6thoxy ou propeYiyle. 

Compose selon la revendication t , dans lequel: 

R 1 est un heterocycle a 5-7 chaTnons comportant un heteroatome de S ; ledit heterocycle etant non substitue ou 

substitue par un ou plusieurs groupes alkyle en C^, oxo ou cycloalkyle en C 3 . 5 ; 
R 2 est un groupe alkyle en C,. 5 ; 
R 3 est le groupe ph6nyle. 

Compose selon la revendication 5, dans lequel: 

R 1 est un groupe 1 J-dioxotelrahydrothien-3-yle.. non substitue ou substitue par un groupe alkyle en C^ ou 

cycloalkyle en C 3 . 5 ; 
R 2 est un groupe alkyle en C^. s , 
R 3 est le groupe ph6nyle. 

Compose 
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denomme; 

c/s-N-tert-butyl-decahydro-2-[2(R)-hydroxy-4-phenyl-3(S)-[3(S)-tetrahydrofuranny 
(4aS,8aS)-isoquinoleine-3(S)-carboxamide (hydrate) ou sel pharmaceutiquement acceptable de celui-ci. 

Compose 




denommS: 

c/s-N-tert-butyl-decahydro-2-[2(R)^ 

butyl]-(4aS,8aS)-isoquinoleine-3(S)-carboxamide (hydrate) ou sel pharmaceutiquement acceptable de celui-ci. 
Compose 




d6nomm6: 

N-tert-butyl-decahydro-2-[2((R)-hydroxy^ 
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carbonylamino]butyl]-(4aS,8aS)-isoquinol6ine-3(S)-carboxamide ou sel pharmaceutiquement acceptable de ce- 
lui-ci. 

Composition pharmaceutique, comprenant un compose selon i'une quelconque des revendications 1 a 9, et un 
vehicule pharmaceutiquement acceptable. 

Utilisation d'un compose selon I'une quelconque des revendications 1 a 9, pour la fabrication d'un medicament 
destine au traitement du SfDA. a la prevention d'une infection par le VI H, au traitement d'une infection par le VI H 
ou a ('inhibition de la protease de VIH. 
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